Mike Edmunds was a pioneer in modern applied hydrogeochemistry, helping to develop geochemical tools and their application to managing water resources. In a career spanning almost 50 years, Mike made major contributions to water resource science as well as promoting the role of chemistry in solving groundwater problems and championing the need to incorporate science into policy. There can be few hydrogeologists who travelled so extensively in order to study the vast range of groundwater environments of the world. Mike's contribution to water science was recognised through the many accolades he received including the Whitaker Medal in 1999, the O.E. Meinzer Award in 2009, and the Vernadsky Medal in 2010. Perhaps his greatest contribution, however, was the generosity of spirit with which he approached his many collaborative ventures Figs. 1 and 2.
Mike's career started in the 1960s with the undertaking of a PhD at Liverpool University on contact metamorphism associated with the Ardara Pluton in Donegal, Ireland. This coincided with the advent of the electron microprobe, which he used to look at zoning in garnets (Atherton and Edmunds 1966) ; however, a change in geochemical outlook was required when he was appointed to the Institute of Geological Sciences, since renamed the British Geological Survey (BGS), which had just started a period of expansion to increase its capabilities in both physical hydrogeology and hydrogeochemistry. Mike's focus was on the hydrochemistry of groundwater in the UK and overseas, and he soon became immersed in a diverse range of scientific challenges that would provide a foundation and stimulus for many future initiatives. His knowledge of mineralogy was to stand him in good stead as he developed new ideas on the interactions between groundwater and the aquifer matrix: BIt's all about the rocks^was one of his favourite sayings to students. Mike elaborated on his early career at his O.E. Meinzer Award ceremony: BArmed with two books, the classic by John Hem and probably the best book on hydrogeochemistry ever written-Solutions, Minerals and Equilibria-by Bob Garrels and Charles Christ, I never looked back^. He worked tirelessly for the next 35 years building up a research group and analytical laboratory, and was a promoter and practitioner of the overarching importance of reliably measured data as the basis for good science and for interpreting hydrogeochemical concepts and calibrating quantitative models. Many of his early pioneering interests stayed with him for the remainder of his career even as the applications of his interests diversified. At the same time, Mike never lost his passion for applying knowledge to the benefit of others, especially in developing countries and through support to charities such as Wells for India. He was also a founding member of the International Association of GeoChemistry (IAGC) group Water-Rock Interaction (WRI) and was Chairman from 1992 to 2001 (Darling 2017 ).
Mike's passion for water and chemistry and his love of different cultures and history led him to many areas of the world. His applied approach allowed him to excel in attracting funding and, with his fluency in French and German, he was a natural leader of multinational projects. His legacy of practical relevance-putting science to good use where it mattered-is widely recognised amongst his peers across the globe. Mike's interests were wide, and a detailed description is far beyond the scope of this profile. The focus will therefore be on three key areas which were pursued over most of his career: trace element geochemistry, arid zone hydrology/palaeohydrology, and translating science into policy.
Trace element geochemistry
Mike's first venture into the hydrochemistry of British groundwaters was a review and update of mineral and thermal waters (Edmunds et al. 1969) . That was to be the launch pad for Mike's later contributions to major BGS projects to evaluate low enthalpy geothermal resources in both crystalline rock and onshore sedimentary basins of the UK (Andrews et al. 1982; Edmunds and Walton 1985; Edmunds et al. 1984a; Edmunds 1986; Downing et al. 1987) . He began to focus on the then poorly studied areas of trace elements in groundwater and groundwater residence time (Edmunds 1971) . A key feature of Mike's philosophy was always to think about groundwater holistically, whether as a component of landscape, history or politics. This was emphasised in his early UK work on the Lincolnshire Limestone aquifer which highlighted sequential chemical changes along groundwater flow paths and the effect of confinement on groundwater quality (Edmunds 1973; Edmunds and Walton 1983) . The work set up a conceptual framework for groundwater evolution, redox changes and the impacts of over-abstraction on water quality still relevant today. This approach was augmented in later years to include a range of residence time indicators to constrain geochemical evolution at regional scales and to indicate the impacts of modern anthropogenic inputs to groundwater (Edmunds and Morgan-Jones 1976; Edmunds 2009a) .
Some of Mike's early studies also included the unsaturated zone, which he understood to be critical in determining the subsequent chemical evolution of groundwater. He was instrumental in developing techniques for extracting porewater (Edmunds et al. 1973; Edmunds and Bath 1976; Bath and Edmunds 1981) and applying this in early studies of the dual porosity Chalk aquifer in the UK (Edmunds 1974) . The porewater-extraction methods became a key tool in investigations of nitrate penetration through unsaturated Chalk that led to early modelling of diffusive exchange between fractureborne groundwater and matrix porewaters, and he continued to study this unusual aquifer through subsequent decades (Edmunds et al. 1992a; Kloppmann et al. 1998; Edmunds and Shand 2008) .
The Chalk and Permo-Triassic sandstone are major aquifers in the UK and much of Mike's career was devoted to understanding groundwater evolution and residence times in these aquifer systems. He developed many of his conceptual ideas based on these systems particularly the role of redox boundaries, chemical evolution, residence times, stratification and palaeowaters (Edmunds and Morgan-Jones 1976; Edmunds et al. 1982; Smedley and Edmunds 2002) . A major output was the first compilation of trace elements in UK groundwaters (Edmunds et al. 1989) . It was Mike's ability to combine traditional and state-of-the-art tools, data and skills (e.g. solute concentrations, age indicators, palaeo-temperature proxies, dating techniques) in a holistic manner that helped provide the complex understanding needed to interpret trace elements and provide sustainably managed groundwater resources.
Other key areas where Mike made a significant contribution by applying hydrochemical techniques included studies of deep basin brines (Edmunds 1975) , geothermal resources, especially hot dry-rock (now enhanced geothermal system) reservoirs (Edmunds et al. 1984b , trace element geochemistry and health (Edmunds and Smedley 2005; Smedley et al. 1996) , acid deposition and related impacts on shallow aquifers (Edmunds and Kinniburgh 1986; Edmunds et al. 1992b) , and surface-water chemistry as an aid to geological interpretation (Edmunds and Key 1996; Cidu et al. 1995) .
Arid-zone hydrology and palaeohydrology
Mike started working in arid zones as part of a team in Libya in the late 1960s, and the study of nonrenewable water resources become a lifelong passion. He carried out one of the earliest radiocarbon studies of North African groundwater and developed a palaeoclimatic recharge chronology (Edmunds and Wright 1979) . This experience was the foundation for Mike's dedication to improving our understanding of recharge and sustainability of aquifers in arid and semi-arid regions. He became an authority on Saharan and sub-Saharan groundwater resources working with many international collaborators (Edmunds 2003; Edmunds et al. 2004) . He also demonstrated the powerful role that environmental isotopes could play in hydrogeology and this work was the start of many collaborations with isotope laboratories in the UK and internationally that would develop isotopes as tools in groundwater studies in very diverse environments.
Mike was one of the earliest geoscientists to apply environmental tracer approaches to resolve recharge rates in arid zones, with profound implications for distinguishing between renewable and nonrenewable groundwater resources. Concurrently with colleagues in Australia, he took the idea of using solute concentrations in groundwater to estimate recharge (Eriksson and Khunakasem 1969) and applied it to profiles in the unsaturated zone to estimate recharge (Allison and Hughes 1978; Edmunds and Walton 1980) . This was then applied around the world as Mike's career became more and more international (Edmunds et al. 1988 (Edmunds et al. , 1992c Edmunds and Gaye 1994; Edmunds and Tyler 2002; Fontes et al. 1991; Edmunds et al. 2006; Gaye and Edmunds 1996; Gates et al. 2008) ; furthermore, it proved a relatively cheap and effective tool accessible to developing countries. This was later combined with numerical modelling (Cook et al. 1992) to validate how Cl and stable isotope profiles in the unsaturated zone could be preserved up to centuries. He developed further the idea of groundwater as an archive of climatic and environmental change (Edmunds 2005) . Again, rather than just focussing on one aspect of the hydrological cycle, by combining unsaturated zone hydrology with groundwater chemistry and a range of dating and palaeo-environmental proxies, Mike helped build comprehensive conceptual models of some of the continental-scale arid zone aquifers of the world (Edmunds et al. 1998a (Edmunds et al. , 2003a .
Mike exploited the growing capabilities for environmental isotope hydrology through collaboration with John Andrews on dissolved noble gas analyses to investigate groundwater ages and palaeoclimatic signals in regional aquifers (Bath et al. 1979; Andrews et al. 1994; Elliot et al. 1999) . One of the more notable outcomes was the identification of a major component of British groundwaters, potable and saline, that originated as recharge during the Pleistocene glacial climate stages (Darling et al. 1997) . The integration of chemical, isotopic and dissolved gas methods to characterise the recharge history and hydrogeochemical evolution of groundwaters would be the approach that Mike and his colleagues brought to many diverse collaborations through very productive bilateral and multilateral European projects, international development projects, and research programmes coordinated by the International Atomic Energy Agency (IAEA; e.g. Fontes et al. 1991; Kloppmann et al. 1998; Edmunds et al. 2003a) .
Mike was very successful in bringing together European teams through the European Framework programme, with one of his most significant projects focussing on the coastal palaeowaters of Europe, using geochemical information to determine their history and the limits to the sustainability of such valuable resources. The publication of a special publication of the Geological Society of London (Edmunds and Milne 2001) was a major achievement building on prior decades of research by Mike and his colleagues. Such projects highlighted his effectiveness in bringing together and integrating interdisciplinary teams, as well as his ability to motivate, respect and communicate with younger scientists. This work also emphasised the importance of offshore freshwaters beneath the continental shelf, a research topic which is gaining increasing momentum (Post et al. 2013 ).
Translating science into management and policy
Mike's focus was on understanding the behaviour of natural processes rather than pollution; however, ever determined to make his science relevant, he used the natural variations in groundwater to form a more robust approach to quantifying pollution . This developed over time into the baseline concept (Edmunds et al. , 2003b Edmunds and Gaye 1997; Edmunds and Shand 2008; Shand et al. 2007 ) to provide a robust basis for trying to quantify pollution, thereby allowing Mike and his co-workers to bring together a knowledge of processes and residence-time estimation to ultimately provide a science-based underpinning of water quality policy (Hinsby et al. 2007 ). It was particularly gratifying for Mike to see the term 'baseline' incorporated into European Union policy, something he considered a major milestone in his career and in the development of water resource management in Europe.
Culture, teaching and dedication
Since his early studies in North Africa, Mike had been intrigued by the relationship between water and human culture, particularly the role of water in the history of civilisation; he simply saw the modern era of water policy as part of this history (Edmunds 2009a, b; Whitehead and Edmunds 2012) . This was also linked to his longstanding interest in the origin of mineral and thermal waters (Andrews et al. 1982; Edmunds 2004; Edmunds et al. 1998b Edmunds et al. , 2014 ). Mike's presentations and the courses he taught often had reference to the early historical pioneers of hydrogeochemistry including Hippocrates and Pliny the Elder (Edmunds 2009a) .
Following his retirement from BGS, Mike joined the University of Oxford as Research Director of the Water Research Centre at the School of Geography and the Environment. There, he not only continued his scientific research but helped develop a new interdisciplinary MSc in Water Science, Policy and Management contributing to the establishment of a new generation of world water leaders by attracting participants from 50 countries. In fact, throughout his 35 years of research he devoted much time to training, educating, mentoring and inspiring hydrogeologists both in the UK and internationally through organisations such as UNESCO and the IAEA. He also remained passionate about water security for the poor and improving the lives of rural communities in Africa and Asia. At all times he shared his knowledge freely and strove to generate equity in the water sphere.
Many who had the privilege of working with Mike Edmunds would say that he was not only a scientific leader, an inspiring mentor and thinker, but, above all, a friend. Mike would often say BThere is no such word as impossible, only opportunity^; that was his approach to most problems and one which often encouraged colleagues to go that little bit further. Mike continues to be remembered for his contributions to hydrogeochemistry and equitable water management, and also for his approachable, warm and generous spirit.
